Nitrogen is the mineral element that plants most require. Its deficiency quickly inhibits plant growth. Excessive nitrogen fertilization raises the cost of biomass production. Therefore, there is a need to find the appropriate dose of nitrogen fertilizer that provides greater efficiency in dry matter production. The objective of this study was to evaluate the effects of nitrogen and phosphate fertilizers on the chemical composition of the biomass of elephant-grass for energy use. A randomized-blocks experimental design in a split-plot arrangement was adopted. Three elephant-grass genotypes were evaluated (Guaçu/IZ.2, Cameroon-Piracicaba, and Capim Cana D'África) with five levels of nitrogen fertilization (0, 250, 500, 1,000 and 2,000 kg ha -1 ), as urea, and four levels of phosphate fertilization (50, 100, 200 and 400 kg ha -1 ), as single superphosphate. Results showed that the chemical composition, determined by the neutral detergent fiber (NDF), acid detergent fiber (ADF), cellulose (CEL), and lignin (LIG), contents displayed values that qualified the researched genotypes for energy use. Nitrogen applications had a quadratic effect on NDF and LIG contents in genotype Guaçu/IZ.2. A maximum dose of nitrogen fertilizer that will provide greater efficiency in the use of nitrogen for energy use varies among elephantgrass genotypes.
INTRODUCTION
Finite energy sources have put the world system on alert. Fossil fuels (oil, coal, and natural gas) are part of this scenario, and these are highly pollutant and affect the planet's balance, causing the greenhouse effect. Thus, the search for alternative sources to fossil energies has become a challenge to the world scientific and Elephant-grass is a species of the family Poaceae with great photosynthetic (C4 metabolism) and dry-matter accumulation abilities that can be compared to sugarcane. Research has shown its tremendous advantages compared with other sources energy. The species has great productivity in smaller areas, a shorter productive cycle with better cash flow, the possibility of total mechanization, renewable energy, and higher carbon assimilation (Quesada, 2005; Mazzarella, 2007) .
In the search for sustainable biomass production for energy generation, the Poaceae species, especially sugarcane (Saccharum officinarum) and elephant-grass (Pennisetum purpureum Schum) stand out for their qualitative features. Fiber represents over 30% of the composition of these plants, which qualifies them for energy production (Urquiaga et al., 1992; Boddey, 1995; Samson et al., 2005; Kauter et al., 2006) . When in its fresh state, elephant-grass can be used in direct combustion in ovens, substituting wood and coal, often going through a step of densification and structuring into pellets, cubes, or briquettes. At the energy balance, a ratio of 21.3 units of renewable energy per unit of fossil energy was found in the agricultural production process (Samson et al., 2005) .
According to Taiz and Zeiger (2009) , nitrogen is the mineral element that plants most require. Its deficiency quickly inhibits plant growth. Phosphorus, on the other hand, is an integral component of important plant cell compounds; it is used in the energy metabolism of plants. Phosphorus is of the macronutrients less required by the plant, but the Brazilian soils are poor in this element. In addition, phosphate fertilization stimulates the nitrogen absorption by the plant (Moreira et al., 2006) . The increasing application of nitrogen fertilization significantly increases dry matter production (Flores et al., 2012) . And dry matter production is positively correlated with fiber production in elephant-grass (Rossi et al., 2014) .
Van Soest (1994) stated that the cell wall is composed of low-solubility structural carbohydrates, which correspond to the crude fiber fraction of the forage. The cell wall can be separated into neutral detergent fiber (NDF), which determines its concentration in the plant and expresses the cellulose and hemicellulose; and acid detergent fiber (ADF), which determines the cell wall quality and expresses the lignin, silica, and cutin. NDF and ADF are directly proportional to the calorific value of the material. Lignin is a component of the plant cell wall and an inhibitor of the digestibility of forage plants whose activity increases as the plant matures (Fukushima et al., 2000) . Cellulose is the polysaccharide formed by βglucose units, with high molecular weight (300,000 to 500,000 g mol -1
). Having a linear structure, it is the main component of the cell wall (Penedo, 1980) . Excessive nitrogen fertilization raises the cost of biomass production. This is because ammonia synthesis requires high investment in fossil energy (Robertson and Sant'Ana et al. 807 Grace, 2004) . Therefore, there is a need to find the appropriate dose of nitrogen fertilizer that provides greater efficiency in dry matter production. Thus, the objective of this study was to evaluate the effect of nitrogen and phosphate fertilizers on the chemical composition of the biomass of elephant-grass for energy use.
MATERIALS AND METHODS
The trial was conducted in the facilities of the Instituto Federal do Espírito Santo, Alegre Campus, in Espírito Santo State, Brazil ("20º45'57, 9" S latitude, "41º27'23, 93" W longitude, and 126 m altitude) . According to Köppen's international classification, the climate of the planting region is a Cwa type, that is, a tropical hot and wet type, with cold and dry winters, an average annual temperature of 23.1°C, and total average annual precipitation of 1,341 mm (Lima et al., 2008) . The experiment was developed on a soil classified as a Eutrophic Udox (Embrapa, 2006) .
Soil samples were collected from the 0 to 20 cm layer for an analysis of particle size, whose results were: sand, 76.25%; silt, 2.51%; and clay, 21.23%. The results of the chemical analyses of the soil sampled from the 0 to 20 cm were: pH in water, 5.96; hydrogen + aluminum, calcium, and magnesium, CEC (pH 7.0), 1.93, 1.5, 0.53, and 4.16 cmol dm -3 , respectively; phosphorus, 19 mg dm -3 ; and potassium, 67 mg dm -3 .
A randomized-blocks experimental design, in a split-plot arrangement, was adopted. Three elephant-grass genotypes (Guaçu/IZ.2, Cameroon-Piracicaba, and Capim Cana D'África) were evaluated, with five levels of nitrogen fertilization and four levels of phosphate fertilization applied. Three replicates were utilized per treatment. The experimental area was formed by thirtysix 12-m rows, and 3.0 m of the extremities of each planting row served as border. Rows were spaced by 1.5 m, and each block was formed by 60 experimental units with 2.40 m of linear extension. Stems were placed aligned in a row, into furrows, arranged with the base of a plant touching the apex of another plant. Stems, with 50 and 60 cm in length, were covered with 3 cm of soil. A cutting height of 10 cm. Five levels of nitrogen fertilization (0, 250, 500, 1,000, and 2,000 kg ha -1 of urea) were applied in installments during the cycle of the crop (March 05, 2011; October 3, 2011; January 31, 2012; March 17, 2012; and April 21, 2012) . Four doses of phosphate fertilizer (50, 100, 200, and 400 kg ha -1 of P205) were applied in the sub-plot, using single superphosphate.
The experiment was established on April 22, 2010. Two plotleveling cuts were made due to climatic factors and flaws encountered at planting. The first plot-leveling cut occurred on October 19, 2010 (180 days after planting), and the second was made on March 02, 2011. The first evaluation harvest was performed on August 29, 2010 (180 days after the last plot-leveling cut), and the second on June 25, 2011 (300 days after the first harvest). The chemical composition of the biomass was evaluated in the third harvest, made on December 22, 2011 (180 days after the second harvest). The material was weighed, chopped, and placed separately in paper bags, which were immediately dried in a forced-air oven at 65°C for 72 h. Subsequently, samples were weighed and ground in a Wiley mill with 1 mm sieves and conditioned in an airtight container to be analyzed later.
The biomass chemical composition characteristics percentage of neutral detergent fiber (NDF), percentage of acid detergent fiber (ADF), percentage of cellulose (CEL), and percentage of lignin (LIG) were evaluated in the Laboratory of Food Analysis of Embrapa Dairy Cattle, in Coronel Pacheco -MG, Brazil, by near infrared reflectance spectroscopy (NIRS), using a Perstorp analytical spectrometer (Silver Spring, MD, model 5000) coupled to a microcomputer equipped with ISI software version 4.1 (Infrasoft International, University, Park, PA). The material was read at the wavelengths of 1,100 to 2,500 nm. Statistical analysis was performed using GENES software (Cruz, 2013 ). An analysis of variance was initially run based on the average of the sub-subplots, utilizing the following statistical model (split-split-plot):
where: Tukey's test of means was used for the evaluated characteristics, at a significance level of 5%. For the case of a significant effect involving the source of variation nitrogen levels, a combined polynomial regression analysis was used for the 1st-and 2nddegree linear models, with the respective analyses of variance of regression, testing the significances of the sources of variation due to regression and due to regression deviations.
RESULTS AND DISCUSSION
The observed coefficients of variation (CV) for NDF, ADF, LIG, and CEL were 1.97, 3.37, 6.61, and 3.89, respectively (Table 1) . They were considered low, which indicates good experimental quality for the evaluated characteristics (Cargnelutti and Storck, 2007) .
A non-significant effect (p > 0.05) was detected for all characteristics evaluated in all sources of variation related to the main effects. The statistical analyses showed that there was no significant interaction involving the different factors for the evaluated chemical composition characteristics. Because of the lack of significance for the sources of variation containing the phosphorus factor isolated (main effect) or interacting with the other factors genotype and nitrogen (genotype × phosphorus, nitrogen × phosphorus, and nitrogen × phosphorus × genotype), the levels of this factor were considered restrictions to the procedures of the other analyses (Table 1) . The mean values for the characteristics of the biomass chemical composition (NDF, ADF, LIG, and CEL) resulting from the statistical analyses, for every genotype evaluated as a function of the nitrogen-fertilization levels, are described in Table 2 . Neutral detergent fiber (NDF) values ranging from 75.40 to 77.79% were found, with nitrogen not affecting the evaluated contents. These values were similar to those obtained by Magalhães et al. (2009) , in studies on the effect of nitrogen levels on three elephant-grass genotypes. These authors observed average NDF contents around 70%, with no significant effects of nitrogen fertilization on this characteristic. These values were considered acceptable for the use of elephant-grass as an alternative energy source. Santos (2011) in an experiment with cultivation of elephant-grass found NDF contents between 73.72% (with mineral gypsum) and 76.56% (without gypsum) for Cameroon; 76.71% (with mineral gypsum) and 78.42% (without gypsum) for Gramafante; and 77.26% (with mineral gypsum) and 77.88% (without gypsum) for Roxo. Flores et al. (2013) evaluated the effects of nitrogen fertilization and harvesting age on the quality of elephantgrass biomass and observed mean NDF values of 69 and 58% in the stem and in the leaf, respectively, and that nitrogen fertilization did not influence these concentrations.
The mean values for the characteristic percentage of ADF between the analyzed genotypes varied from 47.80 to 50.07% (Table 2 ). A significant difference was observed between the means for the lack of nitrogen fertilization, in which the mean of genotype Cameroon stood out among the means of the other genotypes. These values agree with those found by Filho et al. (2000) , who, after 100 days of cultivating elephant-grass cultivar Roxo, obtained 48% ADF. Santos et al. (2003) ). Lignin contents (LIG) were found to range from 9.11 to 10.12% (Table 2 ). A significant difference was observed between the means for the lack of nitrogen fertilization, in which the mean of genotype Cameroon stood out among the genotypes. Genotype Cameroon displayed a significant difference compared with the mean of Guaçu/IZ.2 at the fertilization level of 2,000 kg ha -1 . Zanetti et al. (2009) evaluated five elephant-grass genotypes and found LIG values of 9.7 and 13.3% for genotype Cameroon in soils classified as Red-Yellow Ultisol and Haplic Ultisol, respectively. In an experiment with five elephant-grass genotypes, with plants at 180 days of age, Morais et al. (2009) obtained 9 to 9.7% for this characteristic.
Cellulose values were found to range from 36.72 to 37.98% ( Table 2 ). A significant difference was observed between the means for the level of nitrogen fertilization (1500 kg ha -1 ), with the mean of genotype Cameroon standing out among the others for its lowest value. Zanetti et al. (2009) , evaluating elephant-grass genotypes in Red-Yellow Ultisol and Haplic Ultisol soils, found CEL values of 28.7 and 26.8% for genotype Nitrogen Fertilizer (Kg ha -1 ) Figure 1 . 2nd degree growth curve for the characteristic percentage of neutral detergent fiber (NDF) according to levels of nitrogen fertilizer for genotype Guaçu/IZ.2 (G1). Cameroon, respectively. Quesada et al. (2004) found values above 40%. Morais et al. (2009) found CEL values of 33.8 to 35.8%.
Results revealed R 2 = 91.97%, that is, that 91.97% of the variation in the response NDF are explained by the regression equation y = 76.57 + 0.00261x -0.00000132x 2 , with the maximum value estimated at 988.63 kg ha -1 of nitrogen fertilization (Figure 1 ). For genotypes Cameroon and Capim Cana D'África, no significant effect (p > 0.05) of nitrogen fertilizer influenced the NDF response. The estimate of the mean square for the 2-nd degree linear model for NDF according to the levels of N (fertilizer) for genotype Guaçu/IZ.2 (G1) was significant at 1% probability level, but not at 5%, by the F test.
For genotype Guaçu/IZ.2 (G1), the estimates of the mean square due to regression for the 2-nd degree linear model for LIG according to the N (fertilizer) levels were significant at p < 0.01, but not at p > 0.05 by the F test. Results demonstrated an R 2 = 94.59%, that is, 94.59 of the variation in the response are explained by the regression equation y = 9.06 + 0.0013911x -0.00000065x 2 , with maximum value estimated at 1,070.07 kg ha -1 of nitrogen fertilization (Figure 2 ).
Beyond this value, LIG will have a significant linear effect for genotype Capim Cana D'África (G3), the estimates of the mean square due to regression for the 1st-degree linear model for the characteristic LIG as a function of N (fertilizer) levels were significant at p < 0.01. However, at 5% probability, these estimates were not significant. Results showed R 2 = 59.18%, that is, 59.18% of the variation in the response are explained by the regression equation y = 9.36 + 0.000227x (Figure 4) . Downward trend as the nitrogen fertilization is increased, in this genotype.
However, the increase of the nitrogen fertilization does not result in a significant increase in the LIG content from 1500 kg ha -1 . The estimates of the mean square for the 1-st degree linear model for CEL according to the N (fertilizer) levels for genotype Cameroon (G2) were significant at p < 0.01 and not significant at p > 0.05, by the F test. These results indicate a reduction of cellulose with an increase in nitrogen fertilization (Figure 3) . A similar result was found by Magalhães et al. (2015) , who observed a decrease in the fiber content of palisade grass with the increase in the nitrogen fertilization level. In this case, the energy potential was reduced as nitrogen fertilization was Nitrogen Fertilizer (Kg ha -1 ) Figure 2 . 2nd degree growth curve for the characteristic lignin (LIG) according to five levels of nitrogen fertilizer for genotype Guaçu/IZ.2 (G1). increased.
Conclusions
The NDF, ADF, and LIG characteristics showed desirable values for energy use. A maximum dose of nitrogen fertilizer that will provide greater efficiency in the use of nitrogen for energy use varies among elephant-grass genotypes. According to the results presented, these doses would be 1000 kg ha -1 for the Guaçu / IZ.2 genotype and 1500 kg ha -1 dose of nitrogen for the Cameroon and Capim Cana D'Africa genotypes.
